Abstract: Aim of this study was to compare uterine smears made using the Knudsen catheter, the cytology brush and a uterine culture swab with regard to diagnostic usefulness and the occurrence of neutrophils. Additionally correlation between culture results and the occurrence of neutrophils in uterine smears was investigated. Samples were collected from 340 mares, 81.5% of which were in estrus. Smears made using the cytology brush yielded more endometrial cells per high-power field than those made using the other two instruments (p<0.0001), and a larger proportion had PMNs compared with smears made using the uterine swab (p<0.0001). For smears made with the cytology brush, cultures of -hemolytic streptococci were more often (p=0.002) accompanied by PMNs than cultures of bacteria other than -hemolytic streptococci, and there was a positive correlation (r(s)=0.2 p=0.01) between the number of PMNs in smears and the number of colonies of -hemolytic streptococci. The cytology brush was superior to the other methods because it generated a larger proportion of diagnostic useful smears and the occurrence of PMNs in smears was significantly correlated with the occurrence of cultures of -hemolytic streptococci. DOI: 10.1016DOI: 10. /j.anireprosci.2012 Posted at the Zurich Open Repository and Archive, University of Zurich ZORA URL: http://doi.org/10.5167/uzh-74376 Accepted Version Originally published at: Walter, Jasmin; Neuberg, Klaus-Peter; Failing, Klaus; Wehrend, Axel (2012) Aim of this study was to compare uterine smears made using the Knudsen catheter, the cytology brush and a 20 uterine culture swab with regard to diagnostic usefulness and the occurrence of neutrophils. Additionally 21 correlation between culture results and the occurrence of neutrophils in uterine smears was investigated. 22
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Introduction 38
Bacterial endometritis is considered the most important reproductive disease in the mare and is associated 39 with considerable economic loss (Troedsson, 1997; Causey, 2006) . However, in non-venereal bacterial 40 endometritis, risk factors such as compromised uterine defense mechanisms or poor perineal conformation, 41 rather than the bacterial organisms, constitute the primary problem (Causey, 2006) . Persistent uterine 42 infections caused by β-hemolytic streptococci and E. coli from the vagina are a common sequel to 43 1988). In an early comparative study of various sampling methods, the quality of smears with respect to cell 60 numbers and cell morphology was better in specimens collected with cytology brushes than in specimens 61 obtained with cotton swabs (1997 Merck, Darmstadt) for 24 hours before inoculation onto blood agar and Gassner agar plates. Culture media 147
were incubated aerobically at 37°C, examined at 24 hours and then re-incubated for another 24 hours. 148
Identification of aerobic pathogens was based on appearance of colonies and biochemical characteristics. The 149 number of colonies on primary plates was assessed semi quantitatively and scored as absent (no colonies), or non-pathogenic bacteria on cytological findings were analyzed. Numbers of colonies were correlated with 158 cytology grades (Ricketts and Mackintosh, 1987 There was a significant association (p < 0.0001) between the cytological technique and the proportion of 180 diagnostic valuable samples (see Table 1 ); the Knudsen catheter yielded significantly more samples that 181
were not analyzable because of insufficient cell numbers compared with the other two techniques, and the 182 uterine swab yielded significantly more samples with deformed cells. The cytology brush achieved the 183 greatest proportion (98.6%) of analyzable samples. More than 90% of samples collected with the uterine 184 swab had cellular deformation compared with 25% of samples collected using the Knudsen catheter and 185 cytology brush (Table 1 ). The statistical hypothesis that cell deformation is independent of the sampling 186
There were only 25 of 215 cytology brush specimens without red blood cells, which was significantly 188 less than expected by equality between the methods used (Table 1) Significantly more cases of endometritis were detected using the cytology brush than using the uterine swab 222
Relationship between cytological and bacteriological results 225
The frequency with which the culture of a bacterial species was accompanied by a positive cytological result 226 (> 0.5% of all cells were PMNs) was calculated for each of the three sampling techniques (Table 2) . With the 227 cytology brush, but not with the other two methods, there were significantly more smears with a positive 228 cytological result when the smear was accompanied by a culture of β-hemolytic streptococci compared with 229 cultures negative for these bacteria. Based on the results shown in 3.1. and 3.2., only the cytological 230 specimens made using the cytology brush were used for further analysis. 
Pair-wise comparison of cytological sampling techniques 287
The cytology brush was superior to the other two sampling techniques with respect to proportion of 288 diagnostic samples, preservation of cell morphology and the detection of PMNs. Almost all smears were 289 diagnostic, pronounced cell deformations were rare, and PMNs were detected significantly more frequently 290 than when the uterine swab was used. Approximately one third of smears obtained using the Knudsen 291 catheter were non-diagnostic because of limited cell numbers, which limits it's use for uterine cytology in the 292
mare. 293
Smears made using the cytology brush yielded significantly more epithelial cells per high-power field 294 than smears made using the Knudsen catheter and uterine swab; smears made using the latter two techniques 295 did not differ with respect to numbers of epithelial cells. In a previous study involving fewer mares, the 296 cytology brush was also superior to a cotton swab (Bourke et al., 1997). Because of the greater uptake of 297 epithelial cells by the cytology brush, it was reasonable to expect an increase in the number of PMNs as well. 298
However, this was only true when compared with the uterine swab; smears made using the Knudsen catheter 299 yielded more PMNs per high-power field than the cytology brush. Compared with the brush, the Knudsen 300 instrument has a larger surface area for uptake of secretions, which may explain the higher yield of PMNs 301 (Figure 1 ). This leads to the conclusion, that the Knudsen catheter is a good instrument to diagnose PMNs 302
In a study comparing the usefulness of the cytology brush and uterine swab for the detection of PMNs, 303 the latter method was found to have a higher sensitivity (Bourke et al., 1997). Our results showed that 304 compared to the other two techniques, the uterine swab had considerable disadvantages with respect to the 305 detection of PMNs and cell morphology. 306 instruments were used in this study. 323
The occurrence of PMNs was twice as common in smears accompanied by a positive culture 324 compared with those accompanied by a negative culture, regardless of whether the organisms were 325 pathogenic or not. This is a strong indication that a diagnosis of endometritis cannot be reliably made with 326 culture results alone. Histological and microbiological examinations of endometrial biopsy specimens are 327 considered gold standards (Moller Nielsen, 2005), but endometrial biopsy is a more involved procedure than 328 routine culture and cytology. In a recent study on the comparison of different techniques for diagnosing 329 subclinical endometritis, the sensitivities of the cytology brush and uterine swab were 0.17 and 0.00, 330 respectively, and the specificities were 0.83 and 0.93, when biopsy results were used as the gold standard. In 331 this experiment a higher limiting value (> 2% of all cells were PMNs) for positive cytologies was defined, 332 most mares were sampled during diestrus, and only 11 of 55 mares had a positive culture; thus, a direct 333 comparison with this findings is not possible (Overbeck et al., 2011) . that were accompanied by culture of β-hemolytic streptococci were significantly more often positive for 338
PMNs than smears accompanied by other cultured organisms, regardless of whether the bacteria occurred in 339 pure culture (70% had PMNs) or mixed with pathogenic (47%) or non-pathogenic bacteria (37%). Although 340 the differences between these percentages were not significant, the findings suggest that pure cultures of β-341 hemolytic streptococci are more likely to cause an endometrial inflammatory response than mixed cultures. 342
However, this is in contrast to one report in which 18% of pure and 22% of mixed cultures of β-hemolytic Instruments for collection of uterine samples for bacteriological and cytological examination. 494 Double-guarded uterine culture swab (top), which is also used for passing the Cytology brush 495 into the uterus (middle), and guarded Knudsen catheter (bottom) 496 Table 1 Results of the configural frequency analysis of the diagnostic usefulness of samples (n = 626), 499 occurrence of cellular deformation and red blood cells in diagnostic samples (n = 503). 500
Absolute and relative numbers of samples (round brackets), expected cell frequencies by 501 assumption of independency (square brackets) and p-values are given 502 503 Table 2 Paired bacteriological and cytological results of the 3 sampling methods. Associations 504 between organism and cytological result were analyzed using the two-sided Fisher's exact test 505 respectively the chi-square test depending of the size of the minimum expected value (AP, 506 non-pathogenic bacteria; FP, pathogenic bacteria) 507 
